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Abstract 


An experimental investigation of the hydrodynamic characteristics of two-phase R-113 
flow has been carried out. Straight tube pressure drop data, as a function of mass flow 
rate (mass flux) and flow quality has been obtained using the Two-Phase Flow Test 
Facility located in the Advanced Thermal Laboratories of the Crew and Thermal Systems 
Division at the Lyndon B Johnson Space Center. Additionally, after successfully 
obtaining the straight tube pressure drop data, the test facility was modified in order to 
obtain pressure drop data for the flow of two-phase R-U3 through 180° piping bends. 
Inherent instabilities of the test facility prevented the successful acquisition of pressure 
drop data through the piping bends. 

The experimental straight tube data will be presented and compared with existing 
predictive correlations in an attempt to gain insight into the utility of such correlations as 
the basis for developing design criteria. A discussion of the instabilities which rendered 
successful acquisition of the piping bend data will be presented and suggestions will be 
for eliminating these system tendencies. Finally, recommendations for future 
investigations, based on successful reconfiguration of the test facility, will be made. 
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Introduction 

Power requirements for spacecraft and satellites continue to increase, 
ta^seTffl the effectiveness and efBciencies of spacecraft thermal ma gement syst«™_ 
Active^vo-phase cooUng loops have been identified as systems winch may sausfy *e 
requirements of future spaceflight thermal control systems. However, archival 
documenting both experimental and analytical investigation^ of the pressure gradrat 
characteristics of two-phase' Sow through piping bends and elbows, such as those ^whmh 
v^ S rncluded in realistic system designs, is virtually non-existent Tbe ■ mrr«t 
investigation will obtain baseline data for the two-phase flow test facility <l«vel^by rte 
r^TSd Thermal Systems Division. Additionally, the investigation wifl obtmn data 
SS, trill hdp characterize the pressure drop characteristics of ^ two-pha« 8owmthr^ 
lW piping brads. This investigation wifl compliment and support the TEEM fligh 
experiment scheduled for launch; in 1997. 

nurine the summer period, an experimental investigation of the hydrodynmnic 
active thermal control systems (ATCa) or a space develop 

tasrST-- - - 

quick-disconnect fittings. 

Experimental Investigation 

Sm jghtT.b« 1 mr^ig«ti.n_ ^ tot* snrngh.-n.be flow 

A schematic of the two-phase now test racinry ua u«*» n entered the 

characterization of the current tnv«wanon aah^jri mFig. I The R 
positive displacement pump as single-phase liquid. The smg^p^ hquid iwmpeu 
Crouch the evaporator section which consisted of a circulation heater where beatmput 
StduL^S^rization of the flowing R-l 13. The tiqmd or two-phase tmxture 
which exited the evaporator section could be observed m the flow visualization section in 

of the two-phase or single-phase flow. D^eamof 
^...lizatmn section, the fluid passed through the pressure drop test section. This 
Xwri the operator to choose chher a tow mnge <P«Uon) » 
L h ranse fValidvoe) pressure transducer for the measurement of the pressure drop in the 

were directly varied in tire experiment immsngrimn 

were those of pump power input (controlling mass flow rate or mass flux) ^ 

power (Sffing flow quality). In this manner, the pressure drop m the shmgft- 
XS WeaLd asTfimcdon of both mass flow >*^ £*-* £ 
oualitv The two-phase test facility was used in conjunction with a PC phased 
acquisition system for the recording and processing of each measured value obtained fro 

system instrumentation. 
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Fig. 1 Schematic of Test Facility 

Figure 2 illustrates the measured pressure drop in the straight tube section for single phase 
R-113 liquid. While the measured values of pressure drop consistently exceed those 
which are predicted using the Blasius Solution 1 , the trend exhibited was quite uniform, 
with the mean of the measure values exceeding the prediction by approximately 0.075 kPa 
for vir tually the entire range of flow rates. Posable reasons for this steady state error are 
the presence of roughness in the tubes or a pressure drop due to the fittings present at 
each pressure tap and each end of the tube. This data indicated that for single phase flow, 
the measured values obtained from the test facility were acceptably accurate and 
repeatable. 
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Pressure Drop Vs. Mass Flow Rate, Single Phase Liquid 
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Fig. 2 Single Phase Straight Tube Pressure Drop, Data and Predictive Correlations 

Figure 3 illustrates the measured pressure drop in the straight tube section for two-phase 
R-113 flow subjected to evaporator input levels which produced a flow quality of 20%. 
The data was compared with four predictive correlations, each of these empirically 
developed. The first of these was that of Lockhart and Maitmeffi 2 , utilizing the Motion 
factor associated with the Blasius Solution 1 . Secondly, the prediction of Lockhart and 
Martinelli 2 was used with their recommended friction factor. The third predictive 
correlation utilized for comparison was that of Troniewsld and Ulbrieh . Finally, the 
predictive correlation of Barozcy 4 was utilized. While the trend of the observed data was 
consistent with those of the predictive correlations throughout the range- of mass flow 
rates, each of the three correlations predicted pressure drop values which were greater 
than those which were measured. 
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Straight Tuba Pressure Drop Vs Mass Flow Rate, Quality = 20% 
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Fig. 3 Straight Tube Pressure Drop Vs. Mass Flow Rate, Quality - 20% 

Figure 4 illustrates the measured pressure drop in the straight tube section for two-phase 
R-l 13 flow subjected to evaporator input levels which produced a flow quality of 30% as 
well as the corresponding predictive correlations. As observed in Fig. 3, each of the 
correlations produced a prediction of pressure drop which was greater than that observed 
experimentally The most significant difference between Fig. 4 and Fig. 3 is that the 
predictive correlation which utilized the Blasiua Solution 1 friction ftetor with the 
prediction of Lockhart and Martineili 2 demonstrated a significant “jump” at the transition 
to turbulent flow of the R-l 13 liquid in the two-phase flow. The predictive correlation of 
Troniewski and Ulbrich 3 yielded the closest agreement with die measured values 


Figure 5 illustrates the measured and predicted pressure drop values for two-phase flow 
having a quality of 40%. While two of the correlations, that of Troniewski and Ulbnch 
and that of Lockhart and Martineili 2 match both the trends and values of the measured 
data, this may have been simply because it is at this quality value that the fluctuation in 
measured mass flow rate became quite significant. At this quality value, fluctuations in the 
measured value of the mass flow rate were as great as ± 15%. While this fluctuation 
occurred in the measured value, the trends of the data displayed in Fig. 4 indicate that 
there was little effect on the measured pressure drop values lying within the “high end” of 
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Pressure Drop (kPsJ 


the range of data. However, for the measured pressure drop values lying within the low 
end of the data ( < 8 kPa) the uncertain fluctuation in mass flow rate appeared to be 
accompanied by an uncertain fluctuation in the measured pressure drop value. 



Mass Flow Rate (gfs) 


Fig. 4 Straight Tube Pressure Drop Vs. Mass Flow Rate, Quality - 30% 


Pressure Drop vs Mass Flow Rato, 40% Quality 



Mass Flow Rats (gis) 


Fig. 5 Straight Tube Pressure Drop Vs Mass Flow Rate, Quality - 40% 


8-7 


□n 


« Drop(kFa) 


Figures 6 - 9 illustrate the measured and predicted pressure drop values for wo-^Mse 

flow having qualities of 50%, 60%, 70%, and S0%, respectively. In general. 

that as flow quality increased, each of the cotrelations began to predict pr^ra drop 

^eTwSchlera significantly less than those mealed . xpenmeutafly 

trends made it difficult to draw worthwhile conclusions from the data. Unfortunately, 

S thTtoease in quality, cam. a great increase in the uncertain fluctuation of the 

measured mass flow rate value This large uncertain fluctuation made the process of 

Snl Su information from the experiments quite difficult. Only the most general 

trendcould be observed, which was that of the predictive correlanons yielding pressure 

drop values less than those measured experimentally. 



Mass Fkxw Rate (0fe) 


Fig. 6 Straight Tube Pressure Drop Vs. Mass Flow Rate, Quality - 50% 
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Preaaure Drop (kPa) 


Straight Tube Pressure Drop Vs Mass Flow Rate, Quality = 60% 
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Fig. 7 Straight Tube Pressure Drop Vs. Mass Flow Rate, Quality = 60% 


Straight Tube Pressure Drop vs Mass Flow Rate, Quality * 70% 



Fig. 8 Straight Tube Pressure Drop Vs. Mass Flow Rate, Quality - 70% 
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Straight Tut* Pressure* Drop vs Mast Flow Rate; Quality » 80% 
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Fig. 9 Straight Tube Pressure Drop Vs. Mass Flow Rate, Quality - 80% 


Investigation of Two-Phase Row Through Piping Bends 

The test facility was modified in an attempt to obtain pressure drop information for flow 
through 180° bends, as illustrated in Fig. 10. Unfortunately, this attempt was no 
successful. The lack of success is primarily due to two different system design 
characteristics. First, it was concluded that fluctuations mass flow (and therefore quality) 
due to percolation in the evaporator section produced random changes m system pressure 
which were greater in magnitude than those measured across the tubing bend. Second, the 
configuration of pressure transducers prescribed for the system did not allow for 
accurately and repeatably obtaining pressure drop data across the tubing bend. 
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Conclusions and Recommendations for Future Research Efforts 


Data has been obtained for two-phase flow of R-l 13 through diameter straight tubing 

and tubing bends. The pressure drop data obtained for flow through straight tubing 
sections demonstrated trends which agreed with those of the predictive models. Each of 
the three models demonstrated reasonable agreement with the data within a limited 

range of quality, though none of the three models agreed with the data throughout the 
entire range of qualities observed (0% - 80%). 


The measurements of pressure drop through the tubing bends illustrated unacceptable 
levels of uncertainty This was due to uncertain random fluctuations occurring in the mass 
flow rate in the test facility. Based on the observation of high speed video films of the 
flow, this fluctuation in the flow rate was due to a percolating pressure gradient 
which was produced in the vertical evaporator section. This fluctuation adversely affected 
the measurement of pressure drop in the tubing bend due to the fact that the magnitude of 
the pressure drop through the bend was less than the magnitude of the random pressure 
fluctuation induced by the percolation. 

Future efforts should initially be directed at eliminating the fluctuation in the mass flow 
rate associated with the two-phase test facility. Replacing the vertical evaporator section 
with a horizontal section having significantly greater effective tubing length and lower heat 
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flux values should eliminate the occurrence of percolation. Additionally, replacing the 
current flat plate orifice flow meter with a rotor-type flow meter may reduce the noise 
level associated with the signal delivered to the data acquisition system. 

Beyond reconfiguration efforts for the two-phase test facility, several investigations should 
be undertaken. Certainly, the first of these should be to complete a comprehensive 
investigation of the pressure drop characteristics of two-phase flows through the 180° 
bends of the modified facility. Investigations utilizing various refrigerants, mass flux 
values, and tubing diameters should be undertaken. Additionally, investigations of the 
pressure drops measured through quick-disco nnects and other fittings, as well as tubing 
expansions, contractions, and manifolds should follow. Each of this experimental 
investigations should be coupled with rigorous analysis of the observed phenomena. 


8-12 



References 


1 Blasius, H , “Grenzschichten in Fliissigkeiten mit kleiner Reibung ,” Z Math. Phy.s., 
Vol 56, 1908, p. 1; also NACA TM 1256 

2 Lockhart, R C , and Martinelli, R W , “Proposed Correlation of Data for 
Isothermal Two-Phase Two Component Flow in Pipes,” Chem. Eng. Prog, Vol 45, No 
l,pp. 39 -48, 1949. 

3 Troniewski, L , and Ulbrich, R , “Two-Phase Gas Liquid Row in Rectangular 
Channels,” Chem. Engr. Sci., Vol. 39, No. 4, pp. 751-765. 

4. Baroczy, C J., “A Systematic Correlation for Two-Phase Pressure Drop,” Chem. 
Engr. Prog. Ser., Vol 64, pp. 232-249. 

5. Chisolm, D., “Brief Communications - Two-Phase Flow in Bends,” Int. ./. 
Multiphase Flow, Vol. 6, August, 1980, pp. 363-367. 


3-13 




